l t t is generally believed that dislocations play a role in martensitic transformations, but the details of the role are obscure. A simple model for the FCC-HCP case is developed here which should be susceptible to experimental checks by ultrasonic measurements.
Dislocations in fcc metals are extended1 with a width that depends on the stacking fault energy. In a material which transforms from fcc to hcp, these extended dislocations are likely nucleation centers as first proposed by ~hristian.' When the free energy difference between the phases decreases, the extended dislocations (each boundary a two-layer hcp fault) widens. ~r i c s o n~ has observed such widening via electron microscopy in cobalt and cobalt-nbckel. His measurements were not made close to the transformation temperature s. He suggested that the stacking fault energy of an isolated extended dislocation is linear in temperature but does not go to zero at Ms. Olson and cohen4 proposed subsequently that the nucleatiing defects are overlapping extended dislocations spaced every other layer to produce a thicker hcp fault with lower total energy than an equal number of two layer faults. In both ~c h e m e s~,~ it is suggested that extended dislocations gradually widen as the transformation is approached and then propagate across the plane as the free energy difference becomes negative.
Because the partial dislocations bounding the fault have anti-parallel components, it may be possible (using a suitably oriented stress wave) to excite an "optical mode" of vibration in which the partials move in opposite directions. As the binding force between the partials decreases, the resonant frequency of the optical mode decreases. A r e c t a n g u l a r loop model can be used t o f i n d t h e behavior of t h e e q u i l i b r i u m width and o p t i c a l mode resonant frequency ( N g u r e 1 ) . The extended d i s l o c a t i o n has a l e n g t h L and width w. The energy terms depending on w a r e Eg ( t h e r e p u l s i v e i n t e ra c t i o n of t h e p a r t i a l s ) , ET (The l i n e energy of t h e v e r t i c a l segments which lengthen a s w i n c r e a s e s ) , E ( t h e s t r a i n energy i n t e r a c t i o n with e x t e r n a l s t r e s s ) , and Ey ( t h e s t a c k i n g f a u l t energy). ] _ , where el = 6 -30°
The r e c t a n g u l a r loop model f o r a n
Ic--------Lextended d i s l o c a t i o n of l e n g t h L and width w. The B2rgers v e c t o r of t h e complete d i s l o c at i o n l5 i s assumed t o be a t an angle 6 from t W t h e d i s l z c a t i o n d i r e c t i o n , while t h e angle between b and t h e s h e a r s t r e s s on t h e plane
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B. The f o u r energy terms v e r s u s width w. Eo and Ey may be p o s i t i v e o r negat i v e and a r e grouped t o g e t h e r f o r t h e s e p o s s i b i l i t i e s .
C. The t o t a l energy v e r s u s width w. For n e g a t i v e Ey+Eg t h e e q u i l i b r i u m width i s l a r g e r and t h e c u r v a t u r e a t t h e minimum i s s m a l l e r .
+ +
and O2 = 6 + 30° a r e t h e angles between b l , b and t h e segments of t h e d i s l o c a t i o n 2 l i n e h o r i z o n t a l i n Ng. 1. The l i n e energy ET is obtained by summing over t h e f o u r segments v e r t i c a l i n Mg. 1 of E and E may be p o s i t i v e or negative, depending on the temperature and the di-
Y r e c t i o n of the applied s t r e s s . They a r e therefore p l o t t e d together i n Figure 1. ET is always p o s i t i v e , a s it always takes energy t o c r e a t e t h e e x t r a length of dislocat i o n necessary t o widen the f a u l t . The creation of the e x t r a length of d i s l o c a t i o n is
one source of the h y s t e r e s i s observed i n the transformation. The f r e e energy d i f f e rence between t h e two phases mst not merely go t o zero but mst become s u f f i c i e n t l y negative t o minimize t h e t o t a l energy of the f a u l t as it grows. The term E suggests t h a t with properly applied external s t r e s s one may favor or hinder the widening of t h e f a u l t , and i n t h i s way narrow or widen the h y s t e r e s i s of the transformation. Weston 81 and Granato-have calculated f o r cobalt-nickel t h a t the h y s t e r e s i s could be narrowed by about 20°C a t shear s t r e s s e s of the order necessary t o i n i t i a t e p l a s t i c deforma-
The equilibrium width wo i s found by s e t t i n g (dE/dw) = 0:
For i s o l a t e d extended dislocations the second term i n the denominator (corres-
Since not a l l dislocations a r e the same length the transformation occurs over a range of temperatures r a t h e r than a t a s i n g l e temperature. the % axis may be viewed as a temperature axis. Fbr above the transformation temperature MS, the equilibrium width of the fault is small and o is much larger than R the measurement frequency w. For Y( large compared to the measurement frequency, the 2 dislocation motion is in phase with the applied stress, but small, with AV/V -11% .
For w small compared to the measurement frequency the dislocation motion is out of R 2
phase with the applied stress and small again, with Av/v -% . In between, a maximum in the velocity change is obtained. The decrement meanwhile increases from its pretransformation value by an amount (4nAv )/v. max The model thus predict a dip in velocity and a corresponding rise in decrement as Ms is approached. These effects must be superposed on the background (a linear increase in velocity with decreasing temperature and a temperature independent decrement).
Mnally as the transformation occurs, the quasi-static picture of the model is no longer applicable. Large numbers of dislocations are believed to move with velocities approaching the velocity of sound>/ There will also be scattering due to the presence of two phases with different elastic constants leading to a dramatic increase in decrement and decrease in velocity.
In summary, the optical mode vibration model predicts a dip in velocity and a corresponding rise in decrement as the Ms temperature is approached. What is more, these precursor effects can in principle be observed reversibly without transforming the sample.
